Introduction Raynaud's phenomenon (RP) is a common condition and causes pain, paraesthesia, ulceration and gangrene. Botulinum toxin A (Btx-A) is effective when injected via a digital palmar approach, in the treatment of severe RP. However, hand weakness resulting from lumbrical malfunction is a recognized complication. This study aimed to determine the effect of Btx-A injected via a dorsal approach. Method Forty patients received 100 units of Btx-A, injected across both hands via a dorsal approach. Each patient had a baseline, 6-and 12-week hand assessment and thermographic image (FLIR E60bx) performed for the study. Results Eighty-eight percent of patients reported an improvement in symptoms including reduction in pain, improved colour change with reduced swelling and edema at 6 weeks. Of these patients, 80% reported an improvement in cold intolerance with a reduction in the frequency and severity of Raynaud's attacks. There was a significant improvement in both the DASH score (p = 0.001), Kapandji score (p = 0.001) and hand strength (p < 0.05). No patients reported weakness. Improvements in hand function and symptoms of RP were still evident at 12 weeks. Conclusions Btx-A injected via a dorsal approach improves symptoms and reduces the number of RP. We have shown an effective non-surgical approach technique to treat RP.
Introduction
Raynaud's phenomenon (RP) is a vasospastic disorder of the digital vessels triggered by exposure to cold or stress. It is most commonly observed in the hands, but also affects the toes, nose and ears [1] . Patients experience pain and paraesthesia, with persistent ischemia leading to ulceration, gangrene and possible amputation [2] . It is common, affecting up to 19% of the general population in the UK and is 9 times more likely in women than men [2] . Depending on the severity, it can have a significant impact on a patient's daily activities and quality of life [3, 4] . RP is either classified as primary or secondary. Primary RP is idiopathic [5] . Secondary RP, or Raynaud's phenomenon is associated with systemic sclerosis, Sjogren's syndrome, rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE), vasoconstrictive and betablockers medications [5] . Systemic sclerosis is the most common cause, with secondary RP occurring in 90% of patients. Secondary RP presents with more severe disease and is more likely to have associated complications such as ulcer and gangrene [6, 7] .
There are several treatment options for RP including medical and surgical approaches. Patients with secondary RP are often a greater clinical challenge. Distal vasospasm can be aggravated by other disease manifestations and also impact on the choice of therapy and responsiveness to vasodilator approaches [6] . Conservative, non-pharmacological measures are usually the first steps in treatment. Avoiding cold temperatures is the best method of preventing attacks [2] . Drug therapy is indicated when these measures fail to control symptoms. Calcium channel blockers, such as nifedipine, are generally considered the first-line drug treatment. They induce vasodilation of the digital vessels and have been reported to reduce the frequency and severity of attacks [8] . Another promising treatment for RP is phosphodiesterase type 5 (PDE-5) inhibitors, which cause vasodilatation through the controlling levels of intracellular cyclic guanosine monophosphate (cGMP) and cyclic adenosine monophosphate (cAMP). However, the evidence regarding which treatment is most effective is limited [9] . The treatment options for severe and refractory Raynaud's are limited. Surgical interventions, such as digital sympathectomy, have the potential for severe complications and have variable success rates [10, 11] . Botulinum toxin A (Btx-A) is a neurotoxin produced by Clostridium botulinum [2] . Btx-A offers an additional, non-operative, treatment option for these patients. It is also unique in that it provides a localised treatment [2] .
Btx-A has been shown to be effective in the treatment of RP [2, [12] [13] [14] [15] [16] [17] . Most of the studies carried out to date use different injection sites including digital injections along the neurovascular bundle, in the distal palm near the superficial palmar arch and web space, and in the proximal hand at the distal volar wrist crease adjacent to the radial and ulnar arteries; however, they all use a palmar approach [12] [13] [14] [15] [16] [17] . Reported complications of palmar injection include pain at the injection site, ecchymosis and intrinsic muscle weakness. The most commonly reported complication is hand weakness, with rates as high as 27% [15] . Although the paralysis is transient, it has been reported to last up to 6 months and can have a significant impact on the activities of daily living [2] . A palmar injection approach leaves the lumbricals vulnerable to the effects of the Btx-A. We hypothesised that injecting Btx-A via a dorsal approach and more distally would still be effective improving symptoms, but reduce the rates of hand weakness. This study aimed to determine the effect of Btx-A injected via a dorsal approach in patients with RP on hand function, improvement in symptoms and complication rate.
Methods
Forty patients diagnosed with secondary RP were included. For those patients with systemic sclerosis, they met the criteria for systemic sclerosis of the American College of Rheumatology grading system. Patients were excluded if they had any active infections, acute digital ischemia or any known allergies or hypersensitivity to botulinum toxin preparations, pregnant or lactating.
Data was collected prospectively at the Royal Free Hospital on 40 female patients, with an average age of 48 (25-76 years) between March 2015 and February 2016. Patient consent was obtained. We have ethical approval IRAS study number 226094 to monitor patients as per this study protocol with RP following Botox injections. All patients continued their normal medications for RP throughout the study including calcium channel blockers, iloprost, fluoxetine, PDE-5 inhibitors and losartan. All patients had RP secondary to systemic sclerosis, 20 had diffuse scleroderma and 20 had limited scleroderma with an average duration of disease of 15 years (range 5-20 years). The most common co-morbidities were hypertension, arthritis and reflux disease. None of the patients were smokers.
Each patient had a baseline hand assessment and thermographic image (FLIR E60bx) ( Fig. 1a ). This was carried out after a period of 20 min acclimatization in the temperaturecontrolled room at 23.7 ± 2°C. Hand assessment included pinch and power grip strength measurements (Jammar plus digital pinch gauge and dynameter), range of movement of each joint in the hands using a goniometer, Kapandji thumb opposition test and a pain score using the 0-10 visual analogue scale (VAS). Patients were asked to report any symptoms of pain, colour change, cold intolerance and complete a Disabilities of the Arm, Shoulder and Hand (DASH) score.
They were treated with a total of 100 units of Btx-A across both hands (Botox; Allergan, Marlow, UK) reconstituted with 2 ml of normal saline by a single surgeon (MG). This was injected in equal doses via a dorsal approach, around the digital neurovascular bundles of all five digits ( Fig. 1b ). Both left and right hands were injected. All injections were performed by the senior author PEM Butler. To ensure the digital arteries are targeted, two injections per web space are needed and the injection was deep feeling the proximal phalanx bone during injection. Confirmation that the digital arteries were targeted with the Btx-A injections, thermography imaging was used 15 min post injection.
Post injection, patients were discharged with a Raynaud's attack diary and asked to document any further signs, symptoms and attacks they experienced for the next 6 weeks. Prior to injections, the patients gave an average number of Raynaud's attack from retrospective analysis. A telephone questionnaire was also carried out on a weekly basis, for 6 weeks. This was done to determine the presence of any complications including intrinsic hand muscle weakness and dysesthesia (abnormal sensation), headache, nausea and vomiting. After 6 weeks and 12 weeks, patients returned to have a follow-up hand assessment and thermographic imaging of the hands. Intrinisic muscle weakness was assessed by using the MRC muscle grading score. All hand assessments and thermography imaging were carried out in a temperaturecontrolled room at 23.7 ± 2°C.
The numeric data was analysed using a paired t test on SPSS. Thermographic images were analysed using FLITR Tools software (FLIR, UK). The tips of each digit (excluding thumb) were analysed using a 15X9 pixel region of interest measurement to determine the temperature of the digit.
Results
All patients within this cohort were female and had RP secondary to scleroderma. All of the patients had symptoms of RP despite drug therapy. One of the patients had Iloprost infusions every 4 months, three of the patients took losartan and one patient had both Iloprost infusions (6 monthly) and took losartan.
All the results compare the pre Btx-A to post Btx-A injection results recorded 6 and 12 weeks post injection. At 6 weeks, there was a significant improvement in the DASH score, with a mean reduction in disability of 25.81 points post injection (p = 0.001) ( Table 1) . Reduction in pain score, measured on the visual analogue scale, was also significant with a mean reduction of 5 points (p = 0.001) post injection (Table 1) . At 12 weeks, there was a reduction in DASH scores, visual analogue scales but to lesser degrees than at 6 weeks (Table 1) (p < 0.05). At 6 weeks, the mean hand strength, measured using pinch and power grip, significantly increased in both the dominant and non-dominant hand post injection (p < 0.05) (Fig. 2) . The Kapandji score decreased in both hands, increasing by 1 point in the dominant hand (p = 0.001) and 0.5 points in the non-dominant hand (p < 0.05) ( Table 2 ). There was an overall increase in the range of movement in all joints in both the dominant and non-dominant hands post Btx-A injection ( Table 2) . At 12 weeks, the mean hand strength, Kapandjii score and range of movements were also significantly improved (p < 0.05) but to lesser degrees.
Thermographic imaging demonstrated a mean increase in the temperature of the index to the little fingers post Btx-A injection, compared to before injection ( Fig. 3 ). There was a significant mean increase in temperature in all fingers p value (p < 0.05) (Table 3 ). However, by 12 weeks, there was no change in thermographic readings.
Six weeks post Btx-A injection, 88% of patients reported an improvement in symptoms including reduction in pain, improved colour change and reduced swelling. Of these patients, 80% reported an improvement in cold intolerance with a reduction in the frequency and severity of Raynaud's attacks on average from 5 to 2.5 per week (p < 0.05) over the first 6 weeks. By 12 weeks, 70% of patients reported an improvement in symptoms including reduction in pain, improved colour change and reduced swelling.
Eighty-one percent of patients would have further Btx-A injections and would recommend it to other patients.
No patients had ulcers prior to the injections or developed ulcers during the study period. There was no difference in No patients reported hand weakness as a complication. One patient reported pain at the site of injection lasting 4 days and one patient reported itching for the first 2 days. Both patients reported that these symptoms fully resolved.
Discussion
Patients with secondary RP often present with more advanced, severe disease and associated complications such as ulceration and gangrene [6, 7] . Medical therapy frequently fails to control the symptoms of severe RP and the alternative treatment options are limited. Patients experience severe pain and disability, which significantly impacts on quality of life [3, 4] . The results of this and our previous study support the use of Btx-A as a treatment option for such patients. RP can be severe to cause problems with range of movement and grip due to pain, swelling, ulcers and gangrene. This studies shows that Btx-A injected via a dorsal approach significantly reduces pain and disability, increases hand strength, Kapandji score and blood flow to the digits. The majority of patients also reported an improvement in symptoms, number and severity of attacks. The response to the Btx-A for the treatment of the RP was highly evidence at 6 weeks and 12 weeks, but its effect has decreased by 12 weeks as shown by the hand function assessment tool. Our group and others have looked at the use of Btx-A as a treatment for RP [2, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The first case series in 2004 by Schya et al. [12] included both patients with primary and secondary RP with improvements in VAS pain scores and laser Doppler. Van Beek et al. found similar improvements in 11 patients with RP with 100 units of Bt-A including patients with acute digital ischemia. 15 The largest cohort of 33 patients by Neumeister et al. showed improved perfusion with 100 units of Bt-A with all but five patients reporting improvements in pain and vascularity [16] . Overall, these thirteen studies all support the use of Btx-A may be an effective treatment for RP but also importantly highlight a need for larger randomised controlled trials [2, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . All reported studies that use a palmar injection approach sites include digital injections along the neurovascular bundle, in the distal palm within the superficial palmar arch and web space, and in the proximal hand at the distal volar wrist crease adjacent to the radial and ulnar arteries. However, a palmar approach has associated complications including intrinsic hand muscle weakness and dysesthesia (abnormal sensation) [17] . Hand weakness in these studies was common and affected between 9 and 27% of patients [2, [14] [15] [16] [17] [18] . None of the 40 patients injected via a dorsal approach in this study reported hand weakness as a complication. We hypothesise that injecting via a dorsal distal approach prevents lumbrical injections, and consequently lumbrical weakness. Our research group carried out a similar study in 2014, looking at the effects of Btx-A injected via a palmar approach on RP secondary to systemic sclerosis. This study found that two patients reported the complication of hand weakness when Btx-A was injected via a palmar approach. Although it resolved in both case, it was reported to last as long as 12 weeks [2] . Injecting via a palmar approach leaves the lumbricals vulnerable to the effects of the Btx-A. The lumbricals are protected from the effects of Btx-A when a dorsal approach is used, reducing the risk of hand weakness occurring due to the muscle anatomical location. One patient reported ongoing pain at the injection site, but symptoms resolved fully within 4 days. No other patients reported lasting pain after injection. In comparison, pain at injection site after palmar injection has been reported as high as 75-100% in the literature [16] .
One other study has investigated the effect of Btx-A injected via a dorsal approach [24] . Bello et al. performed a randomised double-blind placebo controlled clinical trial in patients with scleroderma associate RP using Btx-A in one randomly selected hand and sterile saline in the opposite hand [24] . This study followed 40 patients for 1 and 4 months post injection using laser Doppler imaging, patient-reported outcomes and physical exam. They found improved QuickDASH, Mc Cabe scores, VAS scores and significant improvement in Raynauds Condition Score. However, at 4 months, there was no significant difference in blood flow. The differences found between their study and our study can be accounted for by small differences in technique used to administer the Btx-A, protocol and follow-up times. Bello et al. reviewed patients after 4 months, at which the time the effect may have been lost as described by the authors [24] . The authors also describe injecting Btx-A via the web spaces using single injection of the 2nd, 3rd and 4th webspace but do not comment on depth or exact position. We have found that to ensure you target the digital arteries, two injections per web space is needed and the injection must be deep feeling the proximal phalanx bone as you inject. We also confirmed after 15 min from the injection that the digital arteries have been targeted by demonstrated vasodilation over the metacarpal joints using thermography imaging. Further evidence highlights that a slightly different technique was used between the two studies, as Bello et al. reports a 5% weakness but this study had no participants with this complication.
Several mechanisms have been proposed for the potential effect of Btx-A on RP. Our study found that temperature to the digits is significantly improved after Btx-A injection [12, 13, 16] . Animal studies have shown it increases vascular blood flow by inhibiting sympathetic vasoconstriction [25] . The thermography imaging and hand assessment data in this study supports this theory.
One limitation of this study is the lack of randomisation; however, this study demonstrates a promising technique to improve in pain, disability, Kapandji score and digit temperature. However, further randomised and controlled studies are needed to quantify its efficacy relative to other medical and surgical treatments to ascertain Btx-A true efficacy. A further interesting observation is that many of the patients had concurrent medical management for their RP, including losartan and Iloprost infusion. The participants had been on the medication for several years. These patients reported a noticeable improvement in their symptoms following Btx-A injection despite being on concurrent medical management for their RP. Future work will investigate whether the effect is similar in patients with different grades of systemic sclerosis and taking into consideration treatments regimes. Lastly, in this study, we observed that the results lasted approximately 12 weeks. Future studies should investigate whether a higher dose of Btx-A may provide symptom relief for a longer period. A previous review highlighted that previous studies provide a range of botulinum toxin injections but the appropriate dose and frequency is less clear [5] .
Severe RP is often refractory to treatment and presents a significant problem for both the patient and clinician. Patients with RP experience severe pain and disability with limited options available. In conclusion, our results support the use of Btx-A, injected via a dorsal approach, to be an effective and safe treatment for secondary RP. Patients had a significant improvement in their symptoms and disability, improved hand strength, Kapandji score and digit temperature. Future work will include performing a randomized control trial using our optimised technique in patients with secondary RP.
